Objective. The main objective of the research was to analyse the influence of the body build of the Silesian University of Technology students on the values of maximal muscle torque in the elbow and knee joints.
Introduction
Keeping fi t is one of the main problems in staying healthy and being in a good mood. Loss of health has an infl uence not only on an ill person but also on his/her relatives and, taking into account inability to work, on the countries' economy. Therefore, one of the priorities should be promoting a way of living which enables, even elderly people, to stay healthy and in good shape. What can help is getting used to playing sports, which should be taught from the youngest age. People who are specially gifted can turn professional, but almost everybody who is able to move can fi nd a discipline which he/she would like and helps them to be in good shape.
In order to promote such a way of living, it is necessary to determine the current state of society's awareness of this problem and how fi t Polish people are.
One attempt to estimate this was made at the Silesian University of Technology, where scientists carried out a set of measurements on a group of students. There were two reasons why this group was chosen. These people were young, but already entirely aware of their choices, including choices concerning their way of living and physical fi tness. And university students are a social group in which there are people with various social, economical and habitat factors.
The main purpose of the project carried out at the Silesian University of Technology was a multifactor diagnosis and estimation of the fi tness level of the Silesian University of Technology students. The infl uence of sports activity on students' fi tness as well as on body build and composition was also estimated. To carry out these aims, mathematical modelling (variance and regression analyses) was used which enabled the creation of fi tness profi les. Additionally, a lot of tests and measurements checking strength, fl exibility, effi ciency and coordination were conducted. The measurements and results presented in this paper are part of the research carried out within the confi nes of the project.
The paper presents the methodology of measurements and results obtained by means of one of the devices used in the project -a set for muscle torque measurements under isometric conditions is presented.
Measurements of muscle torque are one of the most popular. They can be used both in sports and in medicine and rehabilitation. Physiotherapists use this to analyze the progress of rehabilitation [3] . Very often, the same device is used not only to take measurements, but also to do some rehabilitation exercises which can be performed with biofeedback. Coaches and scientists from physical education universities use measurements of muscle torque to evaluate training progress and the infl uence of different training methods on an athlete's physical fi tness [1, 2, [5] [6] [7] [8] [9] [10] . Then not only can the maximal muscle torque be measured but also, for example the infl uence of exercises or games on an athlete's muscle fatigue. That is why the authors of this article decided to use these measurements to compare the strength of examined students.
Methods
To perform measurements of muscle torque in elbow and knee joints, a special device produced by the ACCURO SUMER Company was used. The measuring device consisted of:
• a special chair with a measuring head to calculate muscle torque in the lower limbs ( Fig. 1 ),
• a slideway with a measuring head for measurements of muscle torque in the upper limbs (Fig. 2) .
The construction of the device enabled its adjustment to the individual body build of participants and allowed for proper positioning of the measuring head to overlap axes of rotation of the joint and the measuring head.
All measurements were performed under isometric conditions in the sagittal plane. The research involved determining maximal muscle torque in the elbow and knee joints during fl exion and extension.
The research included 133 individuals (39 females and 94 males), all the Silesian University of Technology students. None of the participants were professional athletes.
The measurements in the knee joint were conducted in sitting position with the immobilized thigh bent at the a 90° angle in the hip joint and the lower limb bent in the knee joint at 15°, 30° and 45° angles during fl exion and at 45°, 60° and 75° during extension. Measurements in the elbow joint were conducted in standing position. The arm was parallel to the trunk and the forearm was bent at 75°, 90° and 105° angles both for fl exion and extension.
133 people took part in the research (39 females and 94 males), all Silesian University of Technology students. None of these participants were professional athletes. All parameters concerning their body are presented in Table 1 . Height is presented with an accuracy of 1 cm and weight -of 1 kg. These measurements were conducted on the Tanita BC-418 balance. The 
Measument results
The average results of measurements of muscle torque are presented in Tables 2-5. All results are presented separately for the right and left limb and for women and men. 
Discussion
The series of correlations between maximal moments of muscle force and parameters describing body build and composition were formulated. Additionally, the results were compared to results obtained by authors of other studies.
Comparison of results obtained by other authors
The average values of maximal muscle torque obtained by Gorwa [4] , Trzaskoma [11] , Wychowański [12] and the authors of this article are presented in Figures 3-6. In the case of the lower limbs, values of torque during extension obtained by males from the Silesian University of Technology are comparable to those obtained by students of the University of Physical Education, and are much lower than those obtained by athletes and medical students. Values obtained during fl exion are lower than those measured for other groups but the differences are not as big as during extension.
The results of women showed that students from Gliwice are the weakest group. The results achieved by them did not even equal 50% of values measured for sportswomen.
Comparing the results obtained for the upper limbs one may observe larger differences between sportswomen and other female groups. In the case of men, athletes are the strongest group, both for juniors and seniors, but differences between them and other men are not as big as for women. It is worth paying attention to differences between the fl exion and extension muscle groups. In the case of athletes, extensors are the strongest muscles, whereas for the rest of the participants, it is the opposite case. It can result from the specifi city of different sport disciplines or measuring conditions.
Analysis of obtained results
Among parameters having infl uence on muscle strength, the most important are: type of body build, muscle mass (Lean Body Mass -LBM, Fat-Free Mass -FFM), anatomical muscle cross-section area and proportions of bone levers, which infl uence values of muscle torque. Within the confi nes of this paper, we analyzed correlations between measured maximal muscle torque in the elbow and knee joints and BMI as well as Lean Body Mass determined for the whole body and individual limbs. These correlations were analyzed separately for women and men. For each group of measurements, Pearson's Correlation Coeffi cient (r) and Terminal Signifi cance Level (p) of calculations were calculated.
BMI is used to estimate body build, and more precisely, to determine the proportion of a person's height and weight. The smaller the BMI, the thinner the person is. An increase in BMI represents an increase in obesity. Figure 7 presents an exemplary correlation between maximal muscle torque and BMI, obtained for the examined students during the extension of the right lower limb in the knee joint. The Pearson's Correlation Coeffi cient and the Terminal Signifi cance Level obtained for the correlations between maximal torque and BMI are presented in Figure 8 . The general conclusion states that these phenomena are diversifi ed and depend on the gender of the examined persons.
In the group of women, only two parameters from among eight of them reached the level of statistical signifi cance. The rising value of BMI is correlated with maximal muscle torque obtained for fl exors of the knee joint, both in the right and left lower limb (p < 0.05) (Fig. 8a) .
In the group of men, statistically signifi cant correlations between BMI values and maximal torque were observed for fl exors and extensors of the knee and elbow joint both for the right and left side, with one exceptionthe right knee joint, where Terminal Signifi cance Level is higher than 0.05 (Fig. 8b) .
These results have a logical interpretation. The body mass of women is formed by adipose tissue whereas in the case of men, muscle tissue dominates. Hence, the strongest correlations between BMI and maximal muscle torque are among men rather than women.
Full body measurements of Lean Body Mass (LBM) were carried out by means of Tanita BC-418 balance which uses the electrical impedance method.
The value of LBM depends on body build and height. It describes the amount of such components as muscles, bones, inner organs and connective tissue, which are responsible for burning calories. The higher the value of LBM, the faster calories are burnt during rest or exertion. Figure 9 . presents the relationships between maximal muscle torque obtained for the knee joint of the right lower limb and LBM specifi ed for the whole body.
By comparing the obtained results, one can conclude that correlations between maximal muscle torque measured for the lower and upper limbs and LBM of the whole body are much stronger than correlations between muscle torque and BMI (Fig. 10) . The Terminal Signifi cance Level was also low, especially for men (p < 0.001).
In the case of women, the signifi cant correlation was not found only between general muscle mass and maximal muscle torque in the left elbow joint.
In the rest of the measurements, the Pearson's Correlation Coeffi cient (r) ranged from 0.36 to 0.70, thus these correlations are signifi cant and can be logically interpreted. Along with the growth of Lean Body Mass, that is the growth of general muscle mass in relation to the global body mass, maximal muscle torque in the elbow and knee joints increases was well.
The correlations between muscle torque and muscle masses in the group of men are much clearer. Statistically signifi cant correlations appeared in all examined cases where Pearson's Correlation Coeffi cient ranged from 0.50 to 0.55.
The Tanita balance enabled the estimation of not only Lean Body Mass in the whole body, but also in individual limbs. Figure 11 presents correlations between measured maximal muscle torque in the extensors of the right knee joint and muscle mass of the right lower limb.
In the next stage of statistical analysis the correlations between maximal muscle torque in the knee and elbow joints and muscle mass of these limbs were examined individually. The results of these analyses are showed in Figure 12 . They are very similar to the results obtained from the comparative analysis of maximal muscle torque and Lean Body Mass. The strongest correlations were once again found in the group of men. In the group of women, there was no signifi cant correlation for the extensors of the left elbow joint. The Pearson's Correlation Coeffi cient oscillates around r = 0.50.
Conclusions
The results obtained and analyses conducted confi rm, that methods used in biomechanics can be also used in the research presented in this paper in order to estimate physical possibilities. In most cases, the signifi cance level was low. In the case of extensors of the left elbow joint in the group of women, the high value of the Terminal Signifi cance Level is probably caused by an error resulting from the low number of examined women.
The second conclusion arising from the analyses of the results obtained concerns the reliability of body composition estimation by means of electrical impedance not only for the whole body but also for individual parts of body (trunk, limbs). According to the presented results this reliability seems to be at least satisfactory.
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